The main objectives of this study are to develop a set of criteria for sedimentary basins ranking system that suit to the specific Indonesia geological characteristics and estimate the storage capacity of depleted oil and gas reservoirs. From 60 identified sedimentary basins, Kutai, Tarakan and South Sumatera Basins are respectively ranked in the top three. Well-known and relatively stable geological structure, and established infrastructures are the dominant factors. More than 600 Mt of CO2 is able to store at the depleted oil and gas reservoirs in Indonesia. However, the potential storage capacity might increase as more data are available.
Introduction
In Indonesia excellent opportunities exist in deploying carbon capture and storage (CCS) because of the availability of sedimentary basins that contain geological media such as oil and gas reservoirs and CO 2 captured ready from gas processing plant. The opportunities may take advantage of the fact that in time part of the existing gas infrastructure may become available for transport of the captured CO 2 and capacity of geological media as more fields are depleted. However, the suitability of existing sedimentary basins and the capacity of the geological formation have not been assessed and estimated yet.
The main objectives of this study are to develop criteria for sedimentary basins ranking system in terms of their suitability for CO 2 storage and estimate the storage capacity available. The method developed by Bachu [1] was adapted to the Indonesia geological characteristics. Once the criteria have been developed and the basins ranked based on their suitability, oil and gas fields located within these basins were estimated their potential storage capacity using the methodology developed by Carbon Sequestration Leadership Forum [2] .
Development Criteria of Screening and Ranking
A regional study of crustal type and present tectonic setting has identified 60 Tertiary sedimentary basins in Indonesia. In the west mostly developed in the Tertiary Period, while in the eastern Indonesia initiated earlier since Mesozoic or event Palaeozoic era. However, they are variously suited for CO 2 storage. The first step in the process of site selection for CO 2 storage is the basin-scale suitability assessment. Therefore to assess the suitability of the basins the method developed by Bachu [1] were modified and adapted to specifically Indonesia sedimentary basins.
A set of 10 criteria, with several classes each, has been adapted for the assessment and ranking of sedimentary basins in terms of their suitability for CO 2 storage. Most of the categories were qualitatively and uniformly applied across the basin. The criteria development of Indonesian basins relate to hydrogeology, coal and CBM, salts and etc. are excluded due to the information used is either not available or it requires significant effort and resources for processing. Most of the data are commonly readily available from national or state geological survey organisations such as regional maps or published maps cover the whole Indonesia regions as follows:
Indonesian tectonic and structural map published by BPMIGAS and several Universities Consortium Western Indonesia chronostratigraphic tertiary correlation diagram Stratigraphic summary of eastern Indonesia Status of Indonesia sedimentary basin Regional heatflow map of Indonesia Seismic data and drilling record Earthquake zone map of Indonesia Sedimentary basin classification based on tectonic plate framework Total sediment thickness map Indonesia oil and gas reserves database maintained by LEMIGAS Leads and prospect maps List of depleted oil and gas fields Table. 1 is a modified version of the basin-scale criteria for CO2 storage that have been specifically adapted to Indonesian sedimentary basins. For each criterion, the classes are arranged from least favourable to most favourable from left to right across the table increasing CO 2 storage potential.
Onshore & offshore: sedimentary basins location affects much the accessibility of storage sites. It also provides an important economic consideration, and creates public perception and land use issues of preferential for CO 2 storage. This criterion is defined from sedimentary basin map of Indonesia that showing the location of the basins. Geothermal: category of each class on criterion for geothermal regime is based on heatflow map. This criterion reflects the storage volume where as the density of CO 2 is higher in colder basins than in warmer basins, allowing more CO 2 to be contained within the same unit volume of rock. Maturity: the maturity indicates the availability and intensity of data in the region such as seismic and drilling. The development of 4 classes of this criterion is according to seismic data distribution, drilling records and basin status. Geology: this criterion is based on faults and fractures intensity and distribution of Indonesia structural map. The regions with such characteristics may raise the issue of safety which will lead to a potential and risk for either catastrophic escape or significant continuous leakage of CO2 to the surface (Bachu, 2003) . Tectonic setting: basins located in tectonically active areas are the least favourable because they are prone to large earthquakes and have a potential risk for leakage. This criterion is defined in accordance with crustal type and relative plate motion of basin classification. Depth: depth is one of the most important elements in determining injected CO 2 phase behaviour and variation of CO 2 properties in underground. We used total sediment thickness map. Basin size: reflects the overall storage volume achievable, as the larger the basin the greater the likelihood of having laterally extensive reservoir and seal pairs, possibly in multiple stratigraphic intervals, and therefore the greater the likelihood of injectable pore volume [3] . Hydrocarbon potential: this criterion provides potential application of oil and gas reservoirs of being used as CO 2 geological formation as they have already pore volume and seal pairs. To define each classes of hydrocarbon potential reserves and resources data were used. Accessibility: Accessibility reflects the variability in conditions in terms of getting the captured anthropogenic CO 2 from source to the point of storage site and ease of future developments [1] , [3] . Infrastructure: Existing infrastructure potentially to be reused is one of the semi-soft criteria in determining the start up of CO 2 storage project. 
Ranking of Sedimentary Basins
There are 5 steps systematically to rank identified sedimentary basin as summarized briefly in the Figure 1 .
1. For each criterion has its own score reflecting the basin suitability (Table. 2). Using the formula as depicted on the first step Figure 1 , individual score from each criterion is calculated. In essence, the formula normalizes the criteria that have different degree of importance into dimensionless variable. 2.
Step 2 comprises determining the weighting factor that has been defined, (Table. 2). 3. The weights for the criteria were re-assigned to meet the condition in Indonesia and to reflect local circumstances and priorities. Table. 2 Scores and weight assigned to the criteria and classes 4. Next is employing the equation on the step 3 where general score are calculated from each criterion. 5. The fourth step is tabulating general score from the whole criteria before summing up the total score. At this point, the total score of basin suitability has been resulted. 6. To the end, in order to see which basin position on the top ten rank, basin score are sorted descending. 
Storage Capacity Estimation Methodology
After having ranking the sedimentary basins subsequent assessment is the estimate of potential CO 2 storage capacity of depleted oil and gas fields located within these sedimentary basins. Depleted oil and gas fields are defined by Np/Ult ratio (hydrocarbon cumulative production over ultimate recovery) more than or equal 55%. Screening result from our databases showed there are 142 depleted oil and gas fields are considered depleted. Data availability is a major constraint in estimating CO 2 storage capacity in such scale of assessment. Therefore, only 66 fields from 142 fields had complete data to be estimated.
Oil and gas fields are comprised of certain number of reservoirs that are considered as a single discrete, hence estimating CO 2 storage capacity in the scale of field is possible by summing the individual reservoirs. CSLF [2] methodology for estimating storage capacity in depleted oil and gas reservoirs was employed. The formula (Eq. 1) [2] assumes that volume previously occupied by the produced hydrocarbons becomes, by and large, available for CO 2 storage. It also represents the scale of calculation which is theoretical storage capacity or maximum upper limit to a capacity estimate.
This formula does not take into account fraction of injected gas, volumes of injected and produced water and assumes that the reservoir is not flooded during secondary and tertiary oil recovery (pressure-depleted fields).
Result and Discussion
The results show not all sedimentary basins are equally suitable for CO 2 storage, only Kutai, Tarakan and South Sumatera basins listed on the top three rank among the others. Table. 3 shows the ranking of identified 60 sedimentary basins in terms of their suitability for CO 2 storage It indicates that these basins have high suitability for CO 2 storage where most of them are comprised of well-characterized reservoirs that lead to higher data intensity. The second is they are located in relatively stable geological activity, although we realize that there is seismic activity occurs in South Sumatera, but the distribution of earthquake hypocenter is deep (>150 km), if any, only present very scattered. Existing infrastructure that are already built in place, the ease for future development particularly of getting CO 2 captured to storage sites and having adequate depth are also the main factors why these basins are favourable. This ranking can be then used in making decisions for the large-scale implementation of CCS Project. The initial estimates ( Figure. 2) show that Indonesia has able to store more than 600 Mt of CO 2 in depleted oil and gas reservoirs. Riau and South Sumatera at the moment are considered have large storage capacities which are around 229 and 144 million ton of CO 2 respectively. Figure . 2 Map of storage capacity distribution of depleted oil and gas reservoirs in Indonesia overlaid with top 10 rank basins This is not apart from the fact that many oil and gas fields were discovered in these regions and hydrocarbon extraction has been going on since a century ago. Moreover, Riau region is located in extensive Central Sumatera Basins and South Sumatera region has basin that extends to the north of Lampung region. Extensive petroleum activities in East Kalimantan have provided potential depleted hydrocarbon reservoirs in where this region has CO 2 storage capacity almost 130 MtCO 2 . In the meanwhile, storage capacity in Java Island is circa 105 MtCO 2 in total.
The distribution of CO 2 storage capacity map ( Figure. 2) reflects theoretical maximum storage capacity that based on data availability during the assessment. The potential storage capacity might increase as data more available. The estimates resulted from this study is not conclusive where degree of geological and economic uncertainty associated with a capacity estimate is still high. However, from this estimation shows that Indonesia has huge potential of CO 2 storage in depleted oil and gas reservoirs
Conclusion
From 60 identified sedimentary basins, Kutai, Tarakan and South Sumatera basins are respectively positioned in top three of the ranking system. Well known geological structure, adequate data, relatively stable geological structure and established infrastructures are the main factors make these basins have higher suitability.
In total Indonesia has more than 600 Mt of CO 2 storage capacity in depleted oil and gas reservoirs. The potential storage capacity might increase as more data are available and potentially change current rank of largest storage capacity in each region. A, h, = reservoir area, thickness, and porosity S w = water saturation
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